Background Studies conducted in the UK and in Ireland have reported increased rates of self-harm in adolescent females from around the time of the 2008 economic recession and through periods of subsequent national austerity programme implementation. It is not known if incidence rates have increased similarly in other Western European countries during this period. Methods Data from interlinked national administrative registers were extracted for individuals born in Denmark during 1981-2006. We estimated gender-and age-specific incidence rates (IRs) per 10,000 person-years at risk for hospital-treated non-fatal self-harm during 2000-2016 at ages 10-19 years. Results Incidence of self-harm peaked in 2007 (IR 25.1) and then decreased consistently year on year to 13.8 in 2016. This pattern was found in all age groups, in both males and females and in each parental income tertile. During the last 6 years of the observation period, 2011-2016, girls aged 13-16 had the highest incidence rates whereas, among boys, incidence was highest among 17-19 year olds throughout. Conclusions The temporal increases in incidence rates of self-harm among adolescents observed in some Western European countries experiencing major economic recession were not observed in Denmark. Restrictions to sales of analgesics, access to dedicated suicide prevention clinics, higher levels of social spending and a stronger welfare system may have protected potentially vulnerable adolescents from the increases seen in other countries. A better understanding of the specific mechanisms behind the temporal patterns in self-harm incidence in Denmark is needed to help inform suicide prevention in other nations.
Introduction
Adolescents who have self-harmed have a markedly increased risk of suicide compared to their peers [1] , with suicide being the second most common cause of death in this age group Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s0012 7-019-01794 -8) contains supplementary material, which is available to authorized users. [2, 3] . Risk of all-cause mortality is also markedly higher [4] . Rates of hospital-treated self-harm have been found to be particularly raised in adolescents compared to older age groups. Studies examining emergency department (ED) visits in Western countries (including Ireland, the US, Denmark and the UK) have found the highest rates of self-harm among girls aged between 15 and 19 years [5] [6] [7] [8] [9] . A substantial body of evidence indicates that economic recession and its aftermath is associated with increases in rates of suicide and self-harm, though much of this work focuses on the working-age population [10] [11] [12] . Evidence from a study of ED presentations in Ireland [5] and also from a primary care patient cohort in the UK [13] indicate that self-harm incidence rates among adolescent females increased from around the time of the 2008 economic recession and through the era of subsequent austerity measures. Similarly, rates of ED presentation following self-harm and mental health concerns both increased rapidly among adolescents between 2009 and 2017 in Ontario, Canada, with particularly pronounced increases seen in girls [14] . Comparing temporal trends in mental health between countries is an important step in understanding possible risk and protective factors at population level [15] . In Denmark, increasing rates of self-harm in females aged 15-19 between 1994 and 2011 [9] and from 1994 to 2003 in girls (and, to a lesser extent, boys) aged 10-16 [16] have been reported. However, it has yet to be determined if these trends continued into recent years.
Poisonings are the most common method of hospitalpresenting self-harm in the UK, Ireland and Denmark [5, 7, 9] , but self-injury is the more common type of self-harm in the community [7] . A recently published study examined prevalence of non-suicidal self-injury in England, regardless as to whether treatment was sought [17] . The greatest increase in prevalence was among females aged 16-24 years and, in particular, the proportion using self-harm to manage unpleasant feelings rose in females but not males between 2007 and 2014. In Denmark, parental unemployment has been linked to increased risks of suicidal behaviour in young people, although neglect, abuse and substance misuse and other mental disorders appeared to be stronger predictors [18] . The combination of factors involved in the temporal patterns of adolescent self-harm remains unclear.
In the present study we examined temporal trends in hospital-treated self-harm during years 2000-2016 among young people aged 10-19 living in Denmark. We also explored trends according to sex, age and parental income, and examined differences between these groups.
Method
Data from interlinked national administrative registers were extracted for all individuals born in Denmark between 1st January 1981 and 31st December 2006. Cohort members were alive and residing in the country on their 10th birthday, after which they were considered to be at risk of self-harm. The population was restricted to individuals alive at the beginning of follow-up, with first self-harm episode recorded between 1st January 2000 and 31st December 2016 being the outcome of interest. Individuals who died or emigrated from Denmark before the end of follow-up were censored at date of death or emigration.
We included self-harm episodes that were treated in EDs or in psychiatric outpatient clinics and those that resulted in admission to general hospitals or psychiatric units. Episodes were identified from the National Patient Register [19] and the Psychiatric Central Research Register [20] by applying a previously derived coding algorithm [21] . This definition of 'self-harm' included presentations recorded as 'intentional self-harm' (ICD-10 codes X60-X84), those recorded as a psychiatric diagnosis with either comorbid non-fatal self-poisoning (including drugs and biological substances in ICD-10 codes T36-T50 and non-medical compounds excluding food and alcohol poisoning in T52-T60) or self-injury (ICD-10 codes S51, S55, S59, S61, S65, or S69) and poisoning with specific drugs (see Nordentoft et al. [21] for the complete algorithm). In addition, 'reason for contact' code 4 ('deliberate self-harm') used nationally in Danish hospitals was applied to identify episodes of self-harm. While different procedures have been used over time to identify self-harm cases in the Danish registers, no such changes occurred during this study's 2000-2016 observation period. This definition is essentially congruent with that used in other European countries [10, [21] [22] [23] .
We estimated self-harm incidence rates among adolescents aged 10-19 years, in line with the World Health Organization's definition of adolescence [24] . We examined incidence separately in the following age groups: preteenager (10-12 years), younger teenager (13-16) and older teenager (17) (18) (19) . We calculated annual incidence rates per 10,000 person-years, stratified by age, sex and parental income tertile. In addition, we calculated the gender-specific incidence rates for the final 3-year time period (2014-2016 combined) by age (13-16 and 17-19) and parental income levels. In this analysis, we did not include the 10-12 age group due to insufficient numbers with self-harm by subgroup. We also reported the incidence rate ratios (IRRs) comparing incidence rates of girls vs. boys stratified by age and income level. Analyses were conducted using Stata, version 15 [25] . This study followed STROBE guidelines for reporting observational studies [26] .
As this study was conducted exclusively using interlinked registry data informed consent from persons in the study population was not required, in accordance with the Danish Act on Processing of Personal Data, Section 10.
Results

Description of the study cohort
There were 1,710,167 individuals born in Denmark between 1st January 1981 and 31st December 2006 who were alive at the beginning of follow-up and residing in Denmark on their 10th birthday. Of these, 26,950 persons were identified as having a first recorded self-harm episode during the 2000-2016 study period which included 14,111,718 person-years; 19,185 (71.2%) were girls and 7765 (28.8%) were boys.
Self-harm incidence rates
The incidence rate of self-harm among all adolescents aged 10-19 years peaked in 2007 (IR 25.1) then decreased consistently year on year to 13.8 in 2016. This pattern of falling incidence was found in both males and females, although the incidence rate among males was 30-40% of the rate for females ( Fig. 1 ). Among boys, rates were highest at 17-19 years of age ( Fig. 2b ). Younger teenage girls (aged 13-16) had the highest rate across the final 6 years of the observation period ( Fig. 2a ). The largest difference in self-harm rates between boys and girls was seen in the 13-16 age group (2014-2016 3-year IRR 5.8; 95% CI 5.1, 6.7). Sex differences were similar across parental income groups (Table 1) . Adolescents living in households with high parental income had lower rates of self-harm in each year of observation. Incidence rates over the 2000-2016 study period were highest among those in the lowest parental income group (Fig. 3a-c) . The increase and subsequent decrease observed in the whole national population was also seen within each parental income tertile, but was most marked in the lowest tertile (2007 IR 40.6; 95% CI 38.0, 43.3 vs. 2016 IR 21.6; 95% CI 19.4, 24.0).
Discussion
Main findings
For both adolescent boys and girls, the national self-harm incidence rate increased gradually from 2000 to a peak in 2007, then from 2008 to 2016 it decreased to just below the rate observed at the start of the study period. Incidence was highest among girls aged 13-16 and adolescents in the lowest parental income group. Overall fluctuations in self-harm incidence followed the same pattern within each parental income tertile.
Interpretation and comparison with existing evidence
In 2008 non-opioid analgesics became available over the counter in Denmark, and in 2011 an age restriction was introduced for those aged under 18 years buying analgesics of this type. In 2013 a pack size restriction was introduced, with larger pack sizes requiring a prescription. There is evidence that decreases in rates of adolescents self-poisoning accounts for some of the overall decline in self-harm incidence seen between 2010 and 2014 [27] . However, selfcutting, attempted hanging and other methods of self-harm also decreased between 2008 and 2016 [27] . In the UK and Ireland, increases in rates of self-harm and suicide in young people have been attributed, at least partially, to the economic recession in 2008 followed by a sustained period of national governmental austerity measures [10] . Societies that expect individuals to be solely responsible for their own prosperity during economic crises and austerity policies can marginalise those who do not thrive. For individuals experiencing unemployment and loss of social status, emotions associated with suicidal behaviour, such as shame, defeat and entrapment can be exacerbated [28] . Higher rates of self-harm and suicide have been found for adolescents growing up in families of lower socioeconomic position [6, 13, 29, 30] , even following psychiatric treatment [30] . Whilst we also observed higher rates of self-harm among lower household income groups, rates decreased from 2008 in all three parental income tertiles. This suggests that the phenomena associated with reductions in self-harm incidence had a similar impact across all income groups. Danish welfare systems and other national policies may have compensated for income-based differences in self-harm rates. Data from Europe and the US have indicated that when adequate policies are implemented to protect populations from the detrimental effects of rises in unemployment, harmful impact on mental health can be mitigated [31, 32] . Our findings suggest that these effects apply to non-working age adolescents as well as adults. However, the higher rates, despite the observed temporal decreases, suggest unmet need remains among young people from lower income households.
In Ireland, increases in ED self-harm rates between 2007 and 2016 were particularly pronounced among girls aged 10-19 [5] . Similarly, in the UK, self-harm incidence rates in GP-registered patient cohort increased only in younger teenage girls aged 13-16, with this group also having the highest rates of all age and sex groups [13] . We also found this age group to have the highest rate of self-harm in Denmark. It is not clearly understood why younger teenage girls face such increased levels of psychological distress. Plausibly, they may be more vulnerable to certain negative aspects of social media that could have a harmful psychological impact [33] . However, there is evidence that young people may gain support for their mental health problems online [34] . There is also thought to be a higher level of help-seeking in general among teenage girls, which may explain part of the gap in hospital-treated rates between boys and girls [13] .
Denmark offers a psychosocial therapy for people at risk of suicide, which was gradually introduced in 1992 and became available nationally in 2007 [35] . Individuals can be referred to this service following an episode of self-harm or suicide ideation. The service appears to be effective at reducing future self-harm and suicide, particularly among adolescents and young adults [35] . Evidence from the UK has shown that adolescents from the most socially deprived areas had higher rates of self-harm, but were least likely to receive specialist mental health follow-up care following self-harm [13] . Consistent availability of psychosocial treatment, specially designed for suicide prevention, may have helped to reduce self-harm rates among young people in Denmark.
A number of studies have found increasing rates of mood disorders over recent years among young people living in Western countries [33, 36] . Incidence of self-harm is likely to be strongly linked with incidence of depression, although we did not have access to information on mental disorders across the severity spectrum at population level among young people in Denmark. Finally, interpretation of temporal patterns depends on the starting point. A previous study of self-harm rates in Denmark, using a different algorithm to define self-harm, found an increase between 1994 and 2011 [9] , particularly among females aged 15-24. The decrease from 2008 onwards observed in the present study resulted in the rate of self-harm returning to the 1994 rate [9] .
Strengths and limitations
Few countries have registry data available for estimating national incidence rates of self-harm. The use of interlinked Danish registers enabled us to capture episodes treated by emergency departments, outpatient clinics and psychiatric units. However, we could not include self-harm by individuals who did not present to hospital. Our findings, therefore, may not be applicable to self-harm where adolescents present to primary care, or do not seek help from health services at all. Furthermore, the rarity of suicide compared to self-harm precluded us from discerning temporal patterns. Therefore, it is not known if suicide rates followed similar patterns to self-harm.
While similar definitions of self-harm are used in Denmark and England, the sources of data, data collection procedures and exact inclusion/exclusion criteria differ. Although there are standardised procedures for recording self-harm in Danish registers, there may be some under-recording nonetheless [9] . However, there is no known reason that the degree of under-recording would change by year, as there were no changes in the procedures used to identify self-harm episodes during the study's observation period, therefore temporal trends should not be affected. Finally, for this study we could not examine method of self-harm or the substances used in self-poisonings.
Conclusions
Restrictions on analgesic sales may explain some of the decrease in incidence of adolescent self-harm that were observed during the study period. It is also important to understand broader societal measures that may have contributed to decreases in self-harm incidence, particularly those that protect populations following economic recession. Denmark's Suicide Prevention Clinics have been shown to effectively reduce self-harm. While rates of self-harm were highest among mid-teenage girls, it is notable that the increase in self-harm incidence among this group that has been reported elsewhere was not apparent in Denmark. While there is strong evidence for the harmful effects of economic recession on rates of self-harm and suicide among working-age populations, relatively little is known about protective effects among adolescents, particularly girls. Such evidence could have important policy and health implications. 
